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(57) ABSTRACT 

A method of forming an internally-arranged laser-beam 
weld from within a composite structure. The method 
includes arranging a welding apparatus within an internal 
passage of the composite structure, and emitting a laser 
beam from the welding apparatus to form the internally- 
arranged laser-beam weld between layers of the composite 
structure. 
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METHOD AND SYSTEM FOR FORMING 
LASER BEAM WELD LAP-PENETRATION 
JOINTS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims the benefit of U.S. 
Provisional Application No. 62/266,392, filed Dec. 11,2015, 
the contents of which are expressly incorporated herein by 
reference in its entirety. 

FIELD OF THE DISCLOSURE 

[0002] The present disclosure relates to forming weld 
lap-penetration joints, and more particularly, to methods and 
systems for forming laser beam weld lap-penetration joints 
internally from within corrugations of a composite structure, 
and composite structures having such internally-formed 
welds. 

BACKGROUND OF THE DISCLOSURE 

[0003] Traditional transportation modes via water, land, 
rail, and air revolutionized the movement and growth of our 
current culture. The adverse environmental, societal and 
economic impacts of these traditional modes of transporta¬ 
tion, however, initiated a movement to find alternative 
modes of transportation that take advantage of the signifi¬ 
cant improvements in transportation technology so as to 
efficiently move people and materials between locations. 
High-speed transportation systems utilizing rails or other 
structural guidance components have been contemplated as 
a solution to existing transportation challenges, while 
improving safety, decreasing the environmental impact of 
traditional modes of transportation and reducing the overall 
time commuting between, for example, major metropolitan 
communities. 

[0004] Particular high speed, high efficiency transporta¬ 
tion systems utilize a low pressure environment in order to 
reduce drag on a vehicle at high operating speeds, thus 
providing the dual benefit of allowing greater speed poten¬ 
tial and lowering the energy costs associated with overcom¬ 
ing drag forces. These systems may use a near vacuum 
environment within a tubular structure. Possibly the single 
greatest cost associated with the project is the tubular 
structure, e.g., made from a metal alloy, which spans the 
entire length of the project. Thus, there is a need in the art 
for an improved methods and apparatuses, for more effi¬ 
ciently forming tubular structures. 

SUMMARY OF THE EMBODIMENTS OF THE 
DISCLOSURE 

[0005] At least some embodiments of the present disclo¬ 
sure are directed to forming weld lap-penetration joints, and 
more particularly, to methods and systems for forming laser 
beam weld lap-penetration joints internally from within 
corrugations of a composite structure, and composite struc¬ 
tures having such internally-formed welds. 

[0006] Aspects of the disclosure are directed to a method 
of fonning an internally-arranged laser-beam weld from 
within a composite structure. The method comprises arrang¬ 
ing a welding apparatus within an internal passage of the 
composite structure, and emitting a laser beam from the 
welding apparatus to form the internally-arranged laser- 
beam weld between layers of the composite structure. 


[0007] In some embodiments, the composite structure 
comprises two outer layers and a corrugated layer formed 
between the two outer layers. 

[0008] In embodiments, the internal passage is formed by 
the corrugated layer and one of the two outer layers. 

[0009] In embodiments, the weld is formed between the 
corrugated layer and one of the two outer layers by welding 
from the exposed side of the corrugated layer. 

[0010] In some embodiments, the weld is formed between 
different regions of the corrugated layer. 

[0011] In additional embodiments, the method further 
comprises advancing the welding apparatus along the inter¬ 
nal passage as the weld is formed. 

[0012] In yet further embodiments, the welding apparatus 
includes an aligning system operable to maintain the weld¬ 
ing apparatus in a proper orientation as the welding appa¬ 
ratus is advanced along the internal passage during weld 
formation. The method further comprises utilizing the align¬ 
ing system to maintain the welding apparatus in the proper 
orientation. 

[0013] In some embodiments, the aligning system 
includes a plurality of legs extending from a base of the 
welding apparatus, and respective rollers arranged at ends of 
the legs, wherein the rollers are engagable with corners of 
the passageways to maintain the laser beam welder in the 
proper orientation. 

[0014] In additional embodiments, a plurality of inter¬ 
nally-arranged laser-beam welds are substantially simulta¬ 
neously formed within a plurality of internal passages from 
within the composite structure using a plurality of the 
welding apparatuses, wherein each welding apparatus is 
arranged to traverse one of the plurality of internal passages 
to fomi a weld within a respective internal passage of the 
plurality of internal passages. 

[0015] Further aspects of the disclosure are directed to a 
laser beam welding apparatus, comprising a base, a laser 
focusing head attached to the base and operable to emit a 
laser beam, and one or more aligning structures attached to 
the base. 

[0016] In some embodiments, the aligning structures 
includes a plurality of legs extending from the base of the 
welding apparatus, and respective rollers arranged at ends of 
the legs, wherein the rollers are structured and arranged to 
be engagable with corners of internal passages of a com¬ 
posite structure. 

[0017] In additional embodiments, the one or more align¬ 
ing structures comprises a plurality of aligning structures 
arranged along the longitudinal axis of the base of the 
welding apparatus. 

[0018] In certain embodiments, the laser focusing head 
rotatably attached to the base, such that the laser focusing 
head is rotatably adjustable. 

[0019] In some embodiments, the apparatus further com¬ 
prises a laser-beam transmitting fiber-optic cable and laser 
beam focusing arrangement, wherein the laser-beam trans¬ 
mitting fiber-optic cable is operable to receive a laser beam 
from a laser beam generator, and transmit the laser beam to 
the laser beam focusing arrangement. 

[0020] In some embodiments, the laser beam focusing 
arrangement includes one or more lenses and a mirror. 
[0021] In yet further embodiments, the laser beam welding 
apparatus is configured as a semi-autonomous vehicle oper¬ 
able to traverse the passage. 
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[0022] Additional aspects of the disclosure are directed to 
a composite structure comprising an outer plate, an inner 
plate and a corrugated layer arranged between the outer plate 
and the inner plate. The outer plate, inner plate and corru¬ 
gated layer forma plurality of passages in the composite 
structure extending along a z-axis. A plurality of internally- 
formed laser beam welds extending along the z-axis that 
connect the corrugated layer to the outer plate or the inner 
plate. 

[0023] In some embodiments, the plurality of passages 
comprise congruent passages. 

[0024] In embodiments, the imier and outer plate have a 
thickness, and the corrugated layer has a relatively smaller 
thickness. 

[0025] In yet further embodiments, the corrugated layer 
comprises an undulating layer forming outer faces structured 
and arranged to contact the outer plate, inner faces structured 
and arranged to contact the inner plate, and side faces 
extending between the inner faces and the outer faces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The novel features which are characteristic of the 
systems, both as to structure and method of operation 
thereof, together with further aims and advantages thereof, 
will be understood from the following description, consid¬ 
ered in connection with the accompanying drawings, in 
which embodiments of the system are illustrated by way of 
example. It is to be expressly understood, however, that the 
drawings are for the purpose of illustration and description 
only, and they are not intended as a definition of the limits 
of the disclosure. For a more complete understanding of the 
disclosure, as well as other aims and further features thereof, 
reference may be had to the following detailed description of 
the disclosure in conjunction with the following exemplary 
and non-limiting drawings wherein: 

[0027] FIG. 1 shows an exemplary and non-limiting 
depiction of a transportation system in accordance with 
aspects of the disclosure; 

[0028] FIG. 2 shows an exemplary and non-limiting 
depiction of the transportation system in accordance with 
aspects of the disclosure; 

[0029] FIGS. 3A and 3B show an exemplary and non¬ 
limiting composite tube structure in accordance with aspects 
of the disclosure; 

[0030] FIG. 4 shows an exemplary and non-limiting com¬ 
posite structure in accordance with aspects of the disclosure; 
[0031] FIG. 5 shows an exemplary and non-limiting com¬ 
posite structure and an exemplary and non-limiting welding 
apparatus in accordance with aspects of the disclosure; 
[0032] FIGS. 6A and 6B schematically depict views of an 
exemplary and non-limiting welding apparatus in accor¬ 
dance with aspects of the disclosure; 

[0033] FIGS. 7A and 7B schematically depict exemplary 
and non-limiting laser beam focusing heads for a welding 
apparatus in accordance with aspects of the disclosure; 
[0034] FIG. 8 shows aspects of an exemplary and non¬ 
limiting welding method in accordance with aspects of the 
disclosure; 

[0035] FIGS. 9A and 9B show aspects of exemplary and 
non-limiting welding methods in accordance with aspects of 
the disclosure; 

[0036] FIG. 10 shows aspects of an exemplary and non¬ 
limiting welding apparatus in accordance with aspects of the 
disclosure; 


[0037] FIG. 11 shows aspects of an exemplary and non¬ 
limiting welding apparatus in accordance with aspects of the 
disclosure; 

[0038] FIG. 12 shows aspects of an exemplary and non¬ 
limiting welding method in accordance with aspects of the 
disclosure; 

[0039] FIG. 13 shows aspects of an exemplary and non¬ 
limiting welding method in accordance with aspects of the 
disclosure; 

[0040] FIG. 14 shows aspects of an exemplary and non¬ 
limiting welding method in accordance with aspects of the 
disclosure; 

[0041] FIGS. ISAand 15B show aspects of exemplary and 
non-limiting welding methods in accordance with aspects of 
the disclosure; 

[0042] FIG. 16 shows an exemplary and non-limiting 
composite structure in accordance with aspects of the dis¬ 
closure; 

[0043] FIG. 17 shows aspects of an exemplary and non¬ 
limiting welding method in accordance with aspects of the 
disclosure; 

[0044] FIG. 18 shows aspects of an exemplary and non¬ 
limiting welding method in accordance with aspects of the 
disclosure; 

[0045] FIG. 19 shows aspects of an exemplary and non¬ 
limiting composite structure formed using a welding method 
in accordance with aspects of the disclosure; and 
[0046] FIG. 20 shows an exemplary system environment 
for control for a welding apparatus in accordance with 
aspects of the disclosure. 

DETAILED DISCLOSURE OF EMBODIMENTS 
OF THE DISCLOSURE 

[0047] In the following description, the various embodi¬ 
ments of the present disclosure will be described with 
respect to the enclosed drawings. As required, detailed 
embodiments of the embodiments of the present disclosure 
are discussed herein; however, it is to be understood that the 
disclosed embodiments are merely exemplary of the 
embodiments of the disclosure that may be embodied in 
various and alternative forms. The figures are not necessarily 
to scale and some features may be exaggerated or minimized 
to show details of particular components. Therefore, specific 
structural and functional details disclosed herein are not to 
be interpreted as limiting, but merely as a representative 
basis for teaching one skilled in the art to variously employ 
the present disclosure. 

[0048] The particulars shown herein are by way of 
example and for purposes of illustrative discussion of the 
embodiments of the present disclosure only and are pre¬ 
sented in the cause of providing what is believed to be the 
most useful and readily understood description of the prin¬ 
ciples and conceptual aspects of the present disclosure. In 
this regard, no attempt is made to show structural details of 
the present disclosure in more detail than is necessary for the 
fundamental understanding of the present disclosure, such 
that the description, taken with the drawings, making appar¬ 
ent to those skilled in the art how the forms of the present 
disclosure may be embodied in practice. 

[0049] As used herein, the singular forms “a,” “an,” and 
“the” include the plural reference unless the context clearly 
dictates otherwise. For example, reference to “a magnetic 
material” would also indicate that mixtures of one or more 
magnetic materials can be present unless specifically 
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excluded. Put another way, for example, as used herein, the 
indefinite article “a” indicates one as well as more than one 
and does not necessarily limit its referent noun to the 
singular. 

[0050] Except where otherwise indicated, all numbers 
expressing quantities used in the specification and claims are 
to be understood as being modified in all instances by the 
term “about.” Accordingly, unless indicated to the contrary, 
the numerical parameters set forth in the specification and 
claims are approximations that may vary depending upon 
the desired properties sought to be obtained by embodiments 
of the present disclosure. At the very least, and not to be 
considered as an attempt to limit the application of the 
doctrine of equivalents to the scope of the claims, each 
numerical parameter should be construed in light of the 
number of significant digits and ordinary rounding conven¬ 
tions. 

[0051] Additionally, the recitation of numerical ranges 
within this specification is considered to be a disclosure of 
all numerical values and ranges within that range (unless 
otherwise explicitly indicated). For example, if a range is 
from about 1 to about 50, it is deemed to include, for 
example, 1 , 7 , 34 , 46 . 1 , 23 . 7 , or any other value or range 
within the range. 

[0052] As used herein, the terms “about” and “approxi¬ 
mately” indicate that the amount or value in question may be 
the specific value designated or some other value in its 
neighborhood. Generally, the terms “about” and “approxi¬ 
mately” denoting a certain value is intended to denote a 
range within ±5% of the value. As one example, the phrase 
“about 100” denotes a range of 100±5, i.e. the range from 95 
to 105. Generally, when the terms “about” and “approxi¬ 
mately” are used, it can be expected that similar results or 
effects according to the disclosure can be obtained within a 
range of ±5% of the indicated value. 

[0053] As used herein, the term “and/or” indicates that 
either all or only one of the elements of said group may be 
present. For example, “A and/or B” indicates “only A, or 
only B, or both A and B.” In the case of “only A,” the term 
also covers the possibility that B is absent, i.e. “only A, but 
not B.” 

[0054] The term “substantially parallel” refers to deviating 
less than 20° from parallel alignment and the term “sub¬ 
stantially perpendicular” refers to deviating less than 20° 
from perpendicular alignment. The term “parallel” refers to 
deviating less than 5° from mathematically exact parallel 
alignment. Similarly “perpendicular” refers to deviating less 
than 5° from mathematically exact perpendicular alignment. 
[0055] The term “at least partially” is intended to denote 
that the following property is fulfilled to a certain extent or 
completely. 

[0056] The terms “substantially” and “essentially” are 
used to denote that the following feature, property or param¬ 
eter is either completely (entirely) realized or satisfied or to 
a major degree that does not adversely affect the intended 
result. 

[0057] The term “comprising” as used herein is intended 
to be non-exclusive and open-ended. Thus, for instance a 
composition comprising a compound A may include other 
compounds besides A. Flowever, the term “comprising” also 
covers the more restrictive meanings of “consisting essen¬ 
tially of’ and “consisting of,” so that for instance “a com¬ 
position comprising a compound A” may also (essentially) 
consist of the compound A. 


[0058] The various embodiments disclosed herein can be 
used separately and in various combinations unless specifi¬ 
cally stated to the contrary. 

[0059] Embodiments of the present disclosure may be 
used in a transportation system, for example, as described in 
commonly-assigned application Ser. No. 15/007,783, titled 
“Transportation System,” the contents of which are hereby 
expressly incorporated by reference herein in their entirety. 
[0060] A high speed, high efficiency transportation system 
utilizes a low pressure environment in order to reduce drag 
on a vehicle at high operating speeds, thus providing the 
dual benefit of allowing greater speed potential and lowering 
the energy costs associated with overcoming drag forces. 
These systems may use a near vacuum within a tubular 
structure. These systems utilize any number of acceleration 
systems to achieve the high speed allowed, including elec¬ 
tromagnetic levitation. 

[0061] Referring now to FIG. 1, an exemplary and non¬ 
limiting transportation system is illustrated. The transporta¬ 
tion system includes a capsule or transport pod 10 that is 
movable within a tube 20 maintained as a near-vacuum 
environment. 

[0062] Referring now to FIG. 2, one or more tubes 20 of 
transportation system is illustrated in greater detail. As 
shown in FIG. 2, in one exemplary and non-limiting 
embodiment of the present disclosure, a capsule 10 is 
traveling through the mbe 20, which is supported above 
ground by a series of supports (e.g., pillars 22) spaced apart 
along a path of travel. 

[0063] While many high-speed transportation systems 
have been proposed or adopted, this vacuum-enabled system 
anticipates being the most efficient way to connect sister- 
cities or clusters of destinations that are within, for example, 
900 miles of each other. Possibly the single greatest cost 
associated with the project, however, may be the tubular 
structure, e.g., made from a metal alloy, which spans the 
entire length of the project. 

[0064] Pipelines, for purposes such as oil transportation, 
are fomied having a single solid wall. Most pipelines, for 
purposes such as oil transportation, have a maximum diam¬ 
eter of 4 feet and are buried underground. Due to, for 
example, cost and/or weight considerations, however, using 
a transportation tube structure formed from a single solid 
wall may not be optimal for the transportation system. For 
example, a transportation tube structure may require hun¬ 
dreds of miles of tube of sufficient strength and/or thickness 
to contain a near-vacuum, at a sufficient diameter to allow 
passage of a vehicle. If solid steel, for example, were used 
for such a structure, costs could be in the hundreds of 
millions to billions of dollars. Moreover, tubes formed of 
solid steel walls would increase the overall weight of the 
structure. Thus, a need exists for more efficient tubular 
structures for the transportation system. 

[0065] To address these cost and weight impediments, in 
accordance with aspects of the disclosure, embodiments of 
the tubular structure of the present disclosure may utilize a 
laminate pipe structure including two relatively thicker solid 
outer walls with an interior wall portion arranged between 
the outer walls that is formed of a different material and/or 
having a different (e.g., thinner) material thickness. For 
example, some embodiments of the tubular structure may 
utilize a pipe structure including solid outer walls with an 
interior portion formed by a corrugated structure forming 
hollow passages between the two outer walls. 
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[0066] Referring now to FIGS. 3A and 3B, an exemplary 
construction of the tube 20 is illustrated. As shown in FIGS. 
3A and 3B, the disclosure contemplates that tube 20 may 
include a first or inner layer 34 and one or more outer layers 
36. Inner layer 34 and outer layers 36 may be manufactured 
from a variety of composites, plastics and/or metals to 
cooperate with the design requirements of the transportation 
system to maximize the efficiency of travel of the capsule 
within the inner layer and the structural and environmental 
requirements of the outer layer. For example, in embodi¬ 
ments, the outer layer 36 may be optimized for the ambient 
environmental conditions (e.g., to reduce wear from weather 
and/or corrosion). Additionally, for example, in embodi¬ 
ments, the outer layer 36 may be optimized to be resistant to 
puncture from, for example, gun shots. Furthermore, the 
inner layer 34 may be optimized for conditions in the 
low-pressure environment within the tube interior. Inner 
layer 34 and outer layer 36 may be secured in position 
adjacent each other through a variety of mechanical and/or 
chemical joining process, including, but not limited to, 
adhesive bonding, metal bonding, brazing, and the like. 

[0067] As shown in FIGS. 3A and 3B, tube 20 further 
includes one or more intermediate layers 38 disposed 
between the inner layer 34 and outer layer 36. In one 
embodiment of the present invention, intermediate layer 38 
may be formed of a corrugated metal structure that main¬ 
tains many of the physical properties of the base metal 
materials, while increasing strength, reducing thermal con¬ 
ductivity and/or significantly reducing the weight of the 
intermediate layer 38 and the tube 20. It is also contemplated 
that other fiber, polymeric and composite materials may be 
used to create, enhance and/or supplement the intermediate 
layer 38. In accordance with aspects of the disclosure, by 
utilizing an intermediate layer 38, the wall thickness of the 
inner layer 34 and/or the outer layer 36 may be reduced. 

[0068] By forming the tube with an intermediate layer 38, 
the costs of tube manufacturing may be reduced, as the 
overall thickness of tube 20 may be reduced. Moreover, by 
utilizing an intermediate layer 38 of lower weight (as 
compared to the other materials of the tube wall), the entire 
weight of the tube section may be reduced, while providing 
a tube having the same (or similar) strength and/or stiffness 
properties. 

[0069] While the depicted exemplary embodiment illus¬ 
trates three layers, in embodiments the tube construction 
may include more than three layers. For example, a tube may 
include more than one “inner” layer and/or more than one 
“outer” layer. Additionally, the tube may include an addi¬ 
tional middle metal corrugated layer and an additional 
internal layer between the middle metal layer and either the 
inner wall or the outer wall, thus providing a metal-fill- 
metal-fill-metal laminate construction. 

[0070] One non-limiting embodiment is related to a struc¬ 
ture for the intermediate layer 38, which may be defined as 
a continuously-formed corrugated layer. In embodiments, 
the corrugated layer may comprise a lightweight core in 
between two substantially thin, stiff face sheets or may 
comprise a single layer forming the corrugated layer. The 
core comprises a structure in which a repeating lattice 
extends through an area with a constant thickness. The 
sandwich panel and core can be formed from a number of 
sufficiently stiff materials, including metals, foam, plastic, 
rubber, and/or metal alloys. 


[0071] With such a laminate structure, the tubular struc¬ 
ture elements, comprising the two outer layers and the 
internal corrugated layer, may be joined to one another, e.g., 
by welding. That is, for example, each of the two thicker 
solid outer walls may be joined to the interior wall portion. 
Using lap joints, many pieces can be welded together in a lap 
joint geometry (depending on the process used and/or the 
thicknesses of the materials). 

[0072] Laser beam welding (LBW) is a welding technique 
used to join multiple pieces of metal through the use of a 
laser. Laser beam welding employs a highly focused laser 
beam. The beam provides a concentrated heat source, allow¬ 
ing for narrow, deep welds and high welding rates. The 
process is extremely fast, and is easily automated, making 
the process highly productive. As such LBW is frequently 
used in high volume applications using automation, such as 
in the automotive industry. It is based on keyhole or pen¬ 
etration mode welding. 

[0073] Laser beam welding has high power density (on the 
order of 1 MW/cm 2 ) resulting in small heat-affected zones 
and high heating and cooling rates. The spot size of the laser 
can vary between, for example, 0.2 mm and 13 mm, though 
only smaller sizes may be used for welding. The depth of 
penetration is proportional to the amount of power supplied, 
but is also dependent on the location of the focal point. For 
example, penetration may be maximized when the focal 
point is slightly below the surface of the workpiece. 

[0074] With LBW, a continuous or pulsed laser beam may 
be used depending upon the application. For example, 
millisecond-long pulses may be used to weld relatively thin 
materials, while continuous laser systems may be employed 
for deeper welds. LBW is a versatile process, capable of 
welding a myriad of different materials, including carbon 
steels, HSLA steels, stainless steel, aluminum, and titanium, 
any of which may be used in embodiments of the present 
disclosure. The weld quality is high, similar to that of 
electron beam welding. The speed of welding is proportional 
to the amount of power supplied but also depends on the 
type and thickness of the workpieces. The high power 
capability of gas lasers make them especially suitable for 
high volume applications. 

[0075] Modern laser beam welding machines can be 
grouped into two types. In the traditional type, the laser 
output is moved to follow the seam. This is usually achieved 
with a robot. In many modern applications, remote laser 
beam welding is used. In this method, the laser beam is 
moved along the seam with the help of a laser scanner, so 
that the robotic arm does not need to follow the seam any 
more. The advantages of remote laser welding are the higher 
speed and the higher precision of the welding process. 
[0076] The effects of welding on the material surrounding 
the weld can be detrimental—depending on the materials 
used and the heat input of the welding process used, the 
heat-affected zone (or HAZ) can be of varying size and 
strength. The thermal diffusivity of the base material plays 
a large role—if the diffusivity is high, the material cooling 
rate is high and the HAZ is relatively small. Conversely, a 
low diffusivity leads to slower cooling and a larger HAZ. 
The amount of heat injected by the welding process plays an 
important role as well. Processes like laser beam welding 
give a highly concentrated, limited amount of heat, resulting 
in a small HAZ. 

[0077] As noted above, however, the depth of penetration 
is proportional to the amount of power supplied, and also 
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dependent on the location of the focal point. In the context 
of a transportation tube, if, for example, laser beam welds 
are performed from the external surfaces of the two thicker 
solid exterior walls and through the two thicker solid exte¬ 
rior walls (in order to form welds with an interior wall 
portion having a thinner material thickness), due to the 
increased thickness of the outer walls (relative to the thinner 
interior wall portion), there is a possibility of damaging or 
even destroying the interior wall portion when attempting to 
penetrate through the relatively thicker exterior walls. That 
is, the energy necessary for the laser beam to traverse the 
relatively thicker outer walls may be too much energy for 
performing the actual weld of the thicker outer material to 
the relatively thinner inner material, thus resulting in dam¬ 
age to (or destruction of) the thinner interior wall portion. 
[0078] Thus, there is a need in the art for an improved 
welding method and apparatus, particularly a welding 
method and apparatus for such a laminate structure that 
solves the drawbacks of current approaches. 

[0079] In accordance with aspects of the disclosure, in 
embodiments, welds (e.g., laser beam welds or LBW) are 
formed internally within the composite structure (e.g., 
between the relatively thicker outer and inner external walls 
and the relatively thinner internal walls) by arranging a laser 
beam welder within internal passages the tubular structure 
adjacent the relatively thinner internal walls of the corru¬ 
gated layer. As such, when the welds are formed excessive 
energy is not required to form the weld. That is, due to the 
internally arrangeable laser welder, the laser beam does not 
traverse the relatively thicker outer walls, and thus a laser 
beam weld can be formed while damage to (or destruction 
of) the relatively thinner internal walls of the corrugated 
layer can be prevented. Moreover, in accordance with 
aspects of the disclosure, the welding of pre-formed thin 
corrugations with an outward convexity helps to ensure 
intimate contact between the parts at the seams where welds 
are being formed. That is, once the relatively thinner cor¬ 
rugation layer is arranged and sandwiched between the 
relatively thicker outer walls, the corrugations are compres- 
sively loaded and their outwardly convex portions will be 
elastically deformed, ensuring a consistent intimate contact 
between the parts being welded through the lap-penetration 
joints. In embodiments, the materials for the outer layers and 
the internal corrugated layer may include any fusion-weld- 
able materials, including, for example, 1018 mild steel, A36 
steel, 316L stainless steel, 061, 5083 aluminum alloys, etc. 
[0080] FIG. 4 shows a schematic depiction of an exem¬ 
plary and non-limiting composite structure 400 in accor¬ 
dance with aspects of the disclosure. As shown in FIG. 4, the 
composite structure 400 includes an inner plate 34 and an 
outer plate 36. A corrugated layer 405 is arranged between 
the imier plate 34 and the outer plate 36. The corrugated 
layer 405 is structured and arranged with outer faces 410, 
which contact the outer plate 36, imier faces 420, which 
contact the inner plate 34, and side faces 415, which extend 
between the outer faces 410 and the inner faces 420. 
[0081] With an exemplary and non-limiting embodiment, 
the corrugated layer 405 may have a thickness t of approxi¬ 
mately 0.4 nun (0.016"), with other thicknesses contem¬ 
plated by the disclosure. The undulating shape of the cor¬ 
rugated layer 405, including the relative angles of the side 
faces 415 and the lengths of the outer faces 410 and imier 
faces 420 is not necessarily limited and may be selected 
based in part on the materials of the corrugated layer 405 


and/or the materials of the imier plate 34 and outer plate 36. 
With an exemplary and non-limiting embodiment, the imier 
plate 34 and the outer plate 36 may each have a thickness T 
of approximately 6.4 nun (0.25"), with other thicknesses 
contemplated by the disclosure. 

[0082] As schematically depicted in FIG. 4, in accordance 
with aspects of the disclosure, the composite structure 400 
includes a series of welds 550 (e.g., lap joint welds) formed 
between the outer faces 410 and the outer plate 36 and 
between the imier faces 420 and the imier plate 34. As should 
be understood, the welds 550 extend linearly along a z-axis 
of the composite structure 400 (i.e., into the page as depicted 
in FIG. 4). 

[0083] While the exemplary embodiment of FIG. 4 is 
depicted as planar, it should be understood that the embodi¬ 
ment of FIG. 4 could be formed as a rounded (or tubular) 
structure either prior to some or all of the welding, or after 
all of the welds have been formed. 

[0084] FIG. 5 shows an exemplary and non-limiting com¬ 
posite structure 400 and an exemplary and non-limiting 
welding apparatus 500 arranged in the composite structure 
400 in accordance with aspects of the disclosure. As shown 
in FIG. 5, the welding apparatus 500 is structured and 
arranged to traverse (along a z-axis) passages 560 fonned by 
the corrugated layer 405 and the inner plate 34, and (with a 
flipped orientation) passages 560' formed by the corrugated 
layer 405 and outer plate 36, to arrange a laser-focusing head 
505 in proximity to the layers to be welded to form welds 
550. In embodiments, the weld 550 may be a continuous 
weld, or a series of multiple discreet welds (along the 
z-axis). 

[0085] By implementing aspects of the disclosure, by 
welding the relatively thin corrugation layers to themselves 
and/or the relatively thicker outer and imier tubes (or plates), 
from within the composite structure, damage to the structure 
is avoided. By utilizing the disclosed welding apparatus, 
which is operable to traverse the internal passages of the 
composite structure, a serious problem of accessibility nec¬ 
essary for suitably welding portions of these parts with the 
LBW process is overcome. Additionally, by implementing 
aspects of the disclosure, a higher % utilization of the LBW 
process may be achieved, which may reduce (or altogether 
replace) a need for any other supplemental joining process 
within the composite structure (such as adhesive bonding or 
brazing of the composite structures). As noted below, how¬ 
ever, embodiments of the present disclosure contemplate 
utilizing supplemental joining processes. Furthermore, 
implementing aspects of the disclosure provides extra flex¬ 
ibility (e.g., more options) to engineers in designing and 
manufacturing composite tubes for improved performance 
in service, manufacturability, productivity and/or cost effec¬ 
tiveness. 

[0086] While aspects of the disclosure are directed to 
providing welds between layers of the composite structures, 
in embodiments of the disclosure, the forming process may 
also utilize adhesives (e.g., sealing adhesives) and/or epoxy 
inside and/or around the welded corrugations. In embodi¬ 
ments, this may be achieved, for example, by post-weld 
dipping or spraying these adhesive materials into the cor¬ 
rugations so that the adhesive materials seep into crevices 
formed between the welded and un-welded portions of the 
corrugated layer. In accordance with aspects of the disclo¬ 
sure, upon curing, the adhesives may provide additional 
shear-strength resistance, in all directions, to the strength 
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already provided by the laser welds. This may allow a 
reduction of the weld magnitude (e.g. size of weld and/or 
depth of weld) between the different parts of the corruga¬ 
tions (e.g., to weld one end of the corrugated layer to another 
end of the corrugated layer) and between corrugation layer 
and the relatively thicker inner and outer tubes. Additionally, 
the adhesives may form a coating to fill crevices thereby 
protecting the crevices from crevice-corrosion damage. For 
example, if corrosive agents (e.g., seawater) seep into the 
tubes, the adhesive coating may prevent initiation (e.g., 
pitting) and/or progression of corrosion, thus preventing 
faying of surfaces of the composite structure. Furthermore, 
the adhesives may dampen fretting (e.g., rubbing) between 
the welded and un-welded portions of the composite struc¬ 
ture over time and dampen any noise that may be generated 
by this fretting. In further contemplated embodiments, 
epoxy (e.g., an epoxy containing concrete) may be injected 
or applied via dipping to the inner cavities of the composite 
structure to provide similar benefits to those achieved with 
the adhesives. 

[0087] With reference again to FIG. 5, with an exemplary 
embodiment, the welding apparatus 500 includes a laser 
beam welder (LBW), which is operable to produce a laser 
beam 510 (or transmit a remotely produced). The laser beam 
510 (suitable for forming laser beam welds 550) is emitted 
from the laser focusing head 505. The welding apparatus 
500 includes a plurality of aligning/tracking and rolling 
systems 520 having respective legs 525 arranged around the 
exterior of the welding apparatus 500. The legs 525 of the 
rolling systems 520 are structured and arranged to engage 
with the corners formed by the corrugated layer 405 and the 
outer plate 36 or the inner plate 34 as the welding apparatus 
500 traverses the passages 560, 560' in the z-direction, so 
that the laser beam weld is formed in the proper position. 
Embodiments of the present disclosure may also utilize 
other (or additional) approaches for ensuring proper align¬ 
ment and formation of the laser beam weld, including, for 
example, laser guided control of the welding apparatus. 
[0088] By engaging the corners, the legs 525 of the 
aligning/tracking and rolling systems 520 ensure the weld¬ 
ing apparatus 500 is properly aligned in the passages 560, 
560', so that the welds 550 are formed in the intended 
location. While only one aligning/tracking and rolling sys¬ 
tem 520 (having four legs 525) are depicted in FIG. 5, in 
embodiments, the welding apparatus 500 may utilize a 
plurality of aligning/tracking and rolling systems 520 in line 
with each other along the longitudinal axis of the welding 
apparatus 500. 

[0089] With the exemplary embodiments, each leg 525 of 
the aligning/tracking and rolling system 520 further includes 
a roller 535 structured and arranged to engage a corner of a 
respective passage 560, 560' and a spring 530 structured and 
arranged to push a respective roller 535 outwardly so as to 
maintain engagement with a respective corner of the passage 
560, 560'. As shown in the exemplary embodiment of FIG. 
5, the legs 525 are configured for the utilized shape of the 
passages 560, 560'. As such, with the exemplary composite 
structure 400, some of the legs 525 (e.g., the legs on the 
upper side of the welding apparatus 500) may be differently 
configured (e.g., shorter, smaller, and/or arranged at a dif¬ 
ferent relative angle) compared to the legs 525 on the lower 
side of the welding apparatus 500. It should be understood 
that elements of the welding apparatus 500, for example the 
legs of the welding apparatus, may take different forms 


based on the size and shape of the passages formed by the 
structural design of the corrugated layer and the inner and 
outer plates. 

[0090] As shown in FIG. 5, with some contemplated 
embodiments, the passages 560 and passages 560' have 
corresponding similar shapes (albeit rotated 180°). As such, 
in accordance with aspects of the disclosure, the same 
welding apparatus 500 may be used to form the welds in 
passages 560 and 560' by rotating the welding apparatus 500 
by approximately 180° prior to inserting the welding appa¬ 
ratus 500 into a respective passage (e.g., manually or by 
automation). Other contemplated embodiments, however, 
may utilize a corrugated layer that forms passages having 
different sizes. It should be understood that the structural 
design of the corrugated layer and the inner and outer plates 
may take many forms depending, for example, on the 
materials used and/or design requirements. In such cases, 
different welding apparatuses may be configured for the 
differently-sized passages, as should be understood. 

[0091] In accordance with aspects of the disclosure, by 
forming the welds 550 from the internal passages 560, 560' 
inside of the composite structure 400, the magnitude of the 
laser intensity can be optimized for forming the welds 550 
without causing damage to the welded, layers (e.g., the 
thinner welded layer, i.e., the corrugated layer 405). By 
utilizing a welding apparatus 500 that is operable to traverse 
the internal passages of the composite structure, LBW can 
be utilized in a structure that otherwise (due to the external 
wall relative thickness) could not use laser beam welds. 
[0092] FIGS. 6A and 6B schematically depict additional 
views of an exemplary and non-limiting welding apparatus 
500 in accordance with aspects of the disclosure. FIG. 6A 
shows an axial view of the welding apparatus 500. As shown 
in FIG. 6A, the welding apparatus 500 includes a base 555 
on which the legs 525, 525' of the aligning/tracking and 
rolling systems 520 are arranged. As noted above, the legs 
525' on the upper side of the welding apparatus 500 may 
have a different configuration from the legs 525 on the lower 
side of the welding apparatus 500 (e.g., may be shorter, 
smaller, and/or arranged at a different relative angle). Each 
of the legs 525, 525' include a roller 535 structured and 
arranged to engage a comer of a respective passage (not 
shown) and a spring 530 structured and arranged to push a 
respective roller 535 outwardly so as to maintain engage¬ 
ment with a respective comer of the respective passage (not 
shown) as the welding apparatus 500 traverses the passage 
in the Z-direction. In embodiments, the rollers 535 may 
comprise metal, rubber, and/or some other polymer material. 
While embodiments depict spring-loaded rollers, other con¬ 
templated embodiments may utilize other stabilizing/orient¬ 
ing systems including pneumatic stabilizers. 

[0093] As further shown in FIG. 6A, the welding appara¬ 
tus 500 includes a laser-focusing head 505 attached to the 
base 555. The laser-focusing head 505 includes an optical 
fiber and focusing head transfer tube 560, which may be 
stainless steel, for example. A laser-beam transmitting fiber- 
optics bundle 580 and protective sheath 585 for the fiber- 
optics bundle 580 are arranged within the optical fiber and 
focusing head transfer tube 560. Additionally, a laser beam 
focusing lens 570 (e.g., a plano-convex or meniscus lens) 
and a laser beam deflecting mirror 575 are arranged in the 
focusing head transfer tube 560. 

[0094] FIG. 6B schematically depicts a side view of the 
welding apparatus 500. As shown in FIG. 6B, the welding 
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apparatus 500 includes a base 555 on which the legs 525, 
525' of the aligning/tracking and rolling systems 520 are 
arranged. As noted above, the legs 525' on the upper side of 
the welding apparatus 500 may have a different configura¬ 
tion from the legs 525 on the lower side of the welding 
apparatus 500 (e.g., may be shorter, smaller, and/or arranged 
at a different relative angle). Each of the legs 525, 525' 
includes a roller 535 structured and arranged to engage a 
corner of a respective passage (not shown) and a spring (not 
shown) arranged therein and structured and arranged to push 
a respective roller 535 outwardly so as to maintain engage¬ 
ment with a respective corner of the respective passage (not 
shown) as the welding apparatus 500 traverses the passage 
in the Z-direction. In embodiments, the rollers 535 may 
include respective motors and/or gears to propel the welding 
apparatus 500 through the passages. For example, the weld¬ 
ing apparatus 500 may be an autonomous or semi-autono- 
mous vehicle operable to traverse the passages. The welding 
apparatus vehicle may utilize GPS to provide positional data 
to and/or from the welding apparatus vehicle. 

[0095] Depending on how the corrugated layer is arranged 
in composite structure, the passages formed thereby (which 
may be relatively small) may also extend the entire longi¬ 
tudinal distance of a tube formed by the composite structure. 
As such, in accordance with aspects of the disclosure, an 
autonomous or semi-autonomous welding apparatus vehicle 
(e.g., having an attached tether to a control system) is 
operable to travel significant distances in an autonomous or 
semi-autonomous manner while forming the welds. In other 
embodiments, the rollers 535 may be passive, and the 
welding apparatus may be moved through the passages by, 
for example, an actuating shaft. 

[0096] As further shown in FIG. 6B, the welding appara¬ 
tus 500 includes a laser-focusing head 505 attached to the 
base 555. The laser-focusing head 505 includes an optical 
fiber and focusing head transfer tube 560. The laser-focusing 
head 505 is operable to emit a laser beam 510 having an 
adjustable focal point FP (e.g. for forming laser beam welds 
in different structures and/or with different materials). As 
also shown in FIG. 6B, in embodiments, the welding appa¬ 
ratus may include or be attached to an extensible shaft 595 
structured and arranged for moving the welding apparatus 
500 through the passages. In such embodiments, the welding 
apparatus 500 may also include a rotator 590 that is operable 
to rotate the base 555 (and the attached laser-focusing head 
505) by approximately 180° so as to orient the welding 
apparatus 500 for insertion into an oppositely-oriented pas¬ 
sage. 

[0097] As shown in FIG. 6B, the welding apparatus 500 
may also include a wired connection 592 including a fiber 
optic connection to a remote laser beam source, and a 
connection to a control system (e.g., specifically configured 
computer having a processor). In further embodiments, the 
welding apparatus 500 may be directly connected to a wired 
connection 592 (i.e., without an extensible shaft 595 and 
rotator 590). As schematically depicted in FIG. 6B, in some 
embodiments, the welding apparatus 500 may also include 
a laser-focusing head rotator 565 structured and arranged for 
rotating the laser-focusing head 505 relative to the base 555 
so as to weld different types of joints within the passages of 
the corrugated layer (e.g., welding lap joints between exter¬ 
nal walls and the corrugated layer or joints between ends of 
the corrugated layer). 


[0098] FIGS. 7A and 7B schematically depict exemplary 
and non-limiting laser beam focusing heads for a welding 
apparatus in accordance with aspects of the disclosure. As 
shown in the exemplary embodiment of FIG. 7A, the laser 
beam focusing head 505 includes an optical fiber and 
focusing head transfer tube 560. A laser-beam transmitting 
fiber-optics bundle 580 and protective sheath 585 for the 
fiber-optics bundle 580 are arranged within the optical fiber 
and focusing head transfer tube 560. In an exemplary and 
non-limiting embodiment, the laser-beam transmitting fiber- 
optics bundle 580 may have a diameter of approximately 
300 microns. A laser beam generator 710 is structured and 
arranged, for example, either remotely from or within the 
welding apparatus 500, and is operable to supply a laser 
beam to the laser-beam transmitting fiber-optics bundle 580. 
In embodiments, any type of laser beam that is transmittable 
through fiber optics and can deliver the required amount of 
welding power output (e.g., 3-15 kW) for welding the 
different parts together may be utilized (e.g., 1.06 or 1.00 
micro wavelength laser). 

[0099] Additionally, a laser beam focusing lens 570 (e.g., 
a plano-convex lens), a collimating lens 572, and a laser 
beam deflecting mirror 575 are arranged in the focusing 
head transfer tube 560, which are operable to receive the 
laser from the laser-beam transmitting fiber-optics bundle 
580 and to adjustable focus and output a laser beam 510 
suitable for laser beam welding. As shown in FIG. 7A, with 
this exemplary embodiment, the laser beam deflecting mir¬ 
ror 575 is planar. The laser beam focusing head 505 addi¬ 
tionally includes a removable protective lens 715 in the laser 
beam aperture, with a lens protective gas-knife 720 arranged 
on an exterior of the removable protective lens 715. As 
shown in FIG. 7A, the lens protective gas-knife 720 utilizes 
compressed gas (e.g.. Pj> 1 atmosphere) from a compressed 
gas inlet 725. as would be understood by the ordinarily- 
skilled artisan in LBW. The laser-focusing head 505 is 
operable to emit a laser beam 510 having an adjustable focal 
point. With an exemplary and non-limiting embodiment, the 
laser beam deflecting mirror 575 together with the lenses are 
structured and arranged to produce a laser beam having a 
relatively long depth of field with a relatively long focal 
length (e.g., approximately 1.5 meters (or 40 inches)). As 
should be understood, the laser beam focusing head 505 
(together with the other elements of the welding apparatus 
500) is structured and arranged to be moveable in direction 
705 (i.e.. along a longitudinal axis of the laser beam focusing 
head 505 and welding apparatus 500). It should be noted that 
while a plasma-suppressing nozzle may be utilized, the 
plasma-suppressing nozzle is not shown in FIG. 7A. 

[0100] FIG. 7B schematically depicts an additional exem¬ 
plary and non-limiting laser beam focusing head 505' for a 
welding apparatus in accordance with further aspects of the 
disclosure. In contrast to the exemplary embodiment of FIG. 
7A, with the laser beam focusing head 505' of FIG. 7B, the 
planar deflecting mirror 575 is replaced with a parabolic 
focusing mirror 575' and the plano-convex focusing lens is 
removed. 

[0101] While FIGS. 7A and 7B depict exemplary optical 
systems for laser beam directing and focusing, the inventors 
contemplate that any optical system (e.g., reflective and/or 
transmissive) that affords the delivery and focusing of the 
laser beam within the passages of the corrugation layer may 
be utilized in embodiments of the present disclosure. 
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[0102] FIG. 8 shows aspects of an exemplary and non¬ 
limiting welding method 800 in accordance with aspects of 
the disclosure. With this exemplary method, a plurality of 
welding apparatuses (not shown) are arranged in respective 
passages (not shown) formed between the corrugated layer 
(not shown) and the inner wall 34 and the outer wall 36 of 
a composite transportation tube structure 400. With this 
exemplary method, the direction of movement 810 of the 
respective welding apparatuses (or, in embodiments, a single 
welding apparatus) along the passages is aligned with the 
longitudinal axis 805 of the tube structure 400. In other 
words, with this exemplary configuration, the corrugated 
layer (not shown) is arranged such that the respective 
formed passages are aligned with (e.g., approximately par¬ 
allel with) the longitudinal axis 805 of the tube structure 
400. 

[0103] FIGS. 9A and 9B show aspects of exemplary and 
non-limiting welding methods in accordance with aspects of 
the disclosure. FIG. 9A shows an alternative view of the 
exemplary and non-limiting welding method 800 of FIG. 8 
in accordance with aspects of the disclosure. With this 
exemplary method, a plurality of welding apparatuses (not 
shown) are arranged in respective passages formed between 
the corrugated layer 805 and the inner wall 34 and the outer 
wall 36 of a composite transportation tube structure 400 (it 
should be understood that only some of the passages are 
shown and only a portion of the corrugated layer 805 is 
shown for clarity). With this exemplary method, the direc¬ 
tion of movement 810 of the respective welding apparatuses 
(or, in embodiments, a single welding apparatus) is along the 
passages (e.g., along the z-axis, into the page as shown in 
FIG. 9A) aligned with the longitudinal axis of the tube 
structure 400. In other words, with this exemplary configu¬ 
ration, the corrugated layer 805 is arranged such that the 
respective formed passages are aligned with (e.g., approxi¬ 
mately parallel with) the longitudinal axis of the tube 
structure 400, and all of the welding apparatuses enter the 
passages from the same end. 

[0104] In contrast to the exemplary method of FIG. 9A, 
the exemplary welding method 850 of FIG. 9B utilizes two 
opposite directions of movement 810, 815, wherein respec¬ 
tive welding apparatuses traverse (e.g., simultaneously) 
alternating passages (formed between the corrugated layer 
805 and the inner wall 34 and the outer wall 36) in opposite 
directions (i.e., from opposite ends of the composite tube 
structure 400). 

[0105] FIG. 10 shows aspects of an exemplary and non¬ 
limiting welding machine 1000 in accordance with aspects 
of the disclosure. As shown in FIG. 10, the welding machine 
1000 is arranged for providing a plurality of welds to a 
composite tube structure 400. The welding machine 1000 
includes a plurality of welding apparatuses 500 arranged on 
respective extensible shafts. While not depicted for all of the 
shafts, each shaft may include an axial mover 1095 struc¬ 
tured and arranged to move a respective welding apparatus 
500 in an axial direction 1145, and a rotator 1090 structured 
and arranged to rotate a respective welding apparatus 500 in 
direction 1050 about the axial direction. In accordance with 
aspects of the disclosure, the respective welding apparatuses 
500 may be rotatable (e.g., by 180 °) so as to re-orient each 
respective welding apparatus for an oppositely oriented 
(e.g., adjacent) passage. In further embodiments, instead of 
(or in addition to) being mounted to an extensible shaft, the 
welding apparatus 500 may be tethered to a base 1015 and 


configured for individually controllable self-propelled 
movement through the passages. 

[0106] As shown in FIG. 10, the plurality of welding 
apparatuses 500 are mounted to a rotatable base 1015 having 
a shaft 1010 connected to a base support 1005. The base 
support 1005 is operable to rotate the base 1015 in direction 
1040 to align the welding apparatuses with respective pas¬ 
sages in the composite tube structure 400, and to align the 
welding apparatuses with subsequently welded respective 
passages in the composite tube structure 400. The base 
support 1005 may also include a laser generator, which may 
be connected to each of the welding apparatuses 500 via 
fiber optic cable. The welding machine 1000 also includes a 
controller 1020 (e.g., one or more specifically configured 
processors) operable to control the different movements and 
welding operations of the welding machine 1000. 

[0107] While the exemplary embodiment of FIG. 10 
depicts a welding machine for forming welds within a 
tubular structure, it should be understood that the invention 
contemplates forming welds within a substantially planar 
structure, which then may be subsequently formed into a 
tubular structure. As such, the disclosure contemplates a 
welding machine having a linear array of welding appara¬ 
tuses 500 (instead of the circular array of welding machine 
1000). Additionally, while the depicted embodiment utilizes 
extensible shafts, the disclosure contemplates that the 
respective welding apparatuses may include on-board 
motive sources (e.g., motorized rollers) and may utilize 
tethers (e.g., flexible tethers) to communicate and control the 
respective welding apparatuses, as well as transmit a laser 
beam via fiber optic cable. 

[0108] FIG. 11 shows aspects of an exemplary and non¬ 
limiting welding apparatus 1100 in accordance with further 
aspects of the disclosure. The embodiment of FIG. 11 is 
similar to the embodiment of FIG. 10, however, with the 
welding apparatus 1100, welding apparatuses 500 are 
arranged on both ends of the tubular structure 400 so as to 
form welds from opposite ends of the tubular structure. In 
embodiments, the oppositely arranged respective welding 
apparatuses may be configured to form welds in the same 
passages (e.g., each forming a portion of the weld for a given 
passage). In other embodiments, the oppositely arranged 
respective welding apparatuses may be configured to form 
welds in adjacent passages (e.g., each forming the entire 
weld for a given passage). That is, for example, while one 
welding apparatus forms a weld between the upper surface 
of the cornigated layer and the outer plate, the oppositely 
arranged welding apparatus forms a weld (e.g., substantially 
simultaneously) between the adjacent lower surface of the 
corrugated layer and the inner plate. 

[0109] As additionally schematically depicted in FIG. 11, 
with this exemplary embodiment, the shaft 1110 includes an 
linear actuator 1130 (e.g., a hydraulic shaft) operable to 
move the entire base 1115 so that the respective welding 
apparatuses 500 are moved through the passages. That is, 
instead of each welding apparatus 500 being individually 
moveable longitudinally (e.g., via respective linear actuators 
as is the case with the exemplary embodiment of FIG. 10), 
with the embodiment of FIG. 11, the entire base 1115 is 
moveable in a direction along the longitudinal axis of the 
tube 400 to simultaneously move the welding apparatuses 
500. The base rotator 1105 is operable to rotate the base 1115 
in direction 1140 to align the welding apparatuses with 
respective passages in the composite tube structure 400, and 
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to align the welding apparatuses with subsequently welded 
respective passages in the composite tube structure 400. The 
base support 1105 may also include a laser generator, which 
may be connected to each of the welding apparatuses 500 via 
fiber optic cable. The welding machine 1100 also includes a 
controller 1120 (e.g., one or more specifically configured 
processors) operable to control the different movements and 
welding operations of the welding machine 1100. 

[0110] FIG. 12 shows aspects of an exemplary and non¬ 
limiting welding method 1200 in accordance with aspects of 
the disclosure. As shown in FIG. 12, aspects of the disclo¬ 
sure are directed to a half tube composite structure 400' 
comprising an inner wall 34', and outer wall 36', and a 
corrugated layer (not shown) formed between the inner wall 
34' and outer wall 36'. With this exemplary and non-limiting 
welding method 1200, the welds may be formed in a 
circumferential direction of welding 1210. In other words, 
with this exemplary configuration, the corrugated layer (not 
shown) is arranged such that the respective formed passages 
are aligned with (e.g., approximately parallel with) the 
circumferential direction of the tube structure 400', and all of 
the welding apparatuses enter the passages from the same 
first end 1215 and form the welds (not shown) from the first 
end 1215 to the second end 1215'. In embodiments, after 
forming the internal welds, the first end 1215 and/or the 
second end 1215' may be sealed with a planar layer (not 
shown). 

[0111] FIG. 13 shows a completed tube structure formed 
from two half tube composite structures 400' formed using 
the exemplary and non-limiting welding method 1200 in 
accordance with aspects of the disclosure. In embodiments, 
the two half tube composite structures 400' may be joined to 
one another using the planar layers (not shown) formed on 
the respective first ends 1215 and/or the respective second 
ends 1215'. 

[0112] FIG. 14 shows a schematic perspective view of the 
exemplary and non-limiting welding method 1200 in accor¬ 
dance with aspects of the disclosure. As schematically 
depicted in FIG. 14, the welds may be formed in a circum¬ 
ferential direction of welding 1210. In other words, with this 
exemplary configuration, the corrugated layer (not shown) is 
arranged such that the respective formed passages are 
aligned with (e.g., approximately parallel with) the circum¬ 
ferential direction of the half tube composite strucUire 400' 
[0113] FIGS. 15A and 15B show aspects of exemplary and 
non-limiting welding methods in accordance with aspects of 
the disclosure. As shown in FIG. 15A, welding method 1500 
utilizes two opposite directions of movement 1210, 1210', 
wherein respective welding apparahrses traverse alternating 
passages (fonned between the corrugated layer and the inner 
wall 34' and the outer wall 36') in opposite directions (i.e., 
from different ends of the half Uibe composite structure 
400'). In contrast, as shown in FIG. 15B, welding method 
1550 utilizes one direction of movement 1210, wherein 
respective welding apparahises traverse alternating passages 
(fonned between the cormgated layer and the inner wall 34' 
and the outer wall 36') in the same direction (i.e., from the 
same ends of the half Uibe composite stmchire 400'). 
[0114] FIG. 16 shows an exemplary and non-limiting 
composite stmchire 1600 in accordance with aspects of the 
disclosure. As shown in FIG. 16, in embodiments the 
composite stmchire 1600 may be fonned, e.g., using one or 
more pipe mills, to have a similar stmchire as that of a toilet 
paper roll core. As shown in FIG. 16, the composite structure 


1600 is formed from a composite material 1605 having a 
first end edge 1620, a second end edge 1625, a first seam 
edge 1610 and a second seam edge 1615. 

[0115] In accordance with aspects of the disclosure, in 
embodiments, the tubular composite stmchire 1600 may be 
formed as a tubular stmchire and subsequently the internal 
cormgated layer (not shown) may be welded to the inner and 
outer walls. In other contemplated embodiments, the tubular 
composite structure 1600 may be formed initially as a planar 
structure, the internal cormgated layer (not shown) may be 
welded to the inner and outer walls, and the planar structure 
may subsequently be fonned into a tubular stmchire (e.g., 
using one or more pipe mills). With other contemplated 
embodiments, the inner wall may be formed into a tubular 
structure (e.g., using a pipe mill), after which the cormgated 
layer is formed around the inner wall tubular structure. As 
the outer tubular stmcture is not yet arranged on the corm¬ 
gated layer, there may be less restriction on access to the 
cormgated layer for forming welds to the inner wall. Sub¬ 
sequently, (and whether or not welds have been formed 
between the corrugated layer and the inner tube), the outer 
tube may be fonned around the combined inner tube and 
cormgated layer (e.g., using a pipe mill), after which the 
internal welds between the outer tube and the cormgated 
layer (and if not yet perforated, the internal welds between 
the cormgated layer and the inner tube may be formed). 
]0116] FIG. 17 schematically depicts aspects of an exem¬ 
plary and non-limiting welding method 1650 in accordance 
with aspects of the disclosure. As should be understood, 
FIG. 17 depicts the composite material 1605 of FIG. 16 in 
an “un-rolled” orientation. As shown in FIG. 17, the com¬ 
posite material 1605 includes a first end edge 1620, a second 
end edge 1625, a first seam edge 1610 and a second seam 
edge 1615. With the exemplary and non-limiting welding 
method 1650, a plurality of welding apparatuses (not shown) 
form welds along a welding direction 1710. With this 
exemplary method, the direction of movement 1710 of the 
respective welding apparatuses (or, in embodiments, a single 
welding apparatus) along the passages is aligned with the 
first end edge 1620 and a second end edge 1625 of the 
composite material 1605. In other words, with this exem¬ 
plary configuration, the cormgated layer (not shown) is 
arranged such that the respective fonned passages are 
aligned with (e.g., approximately parallel with) the first end 
edge 1620 and a second end edge 1625 of the composite 
material 1605. In accordance with aspects of the disclosure, 
when the composite material 1605 is subsequently formed 
into a tube stmcture (e.g. as depicted in FIG. 16), the 
passages (and thus, the welds fonned therein) are arranged 
in a circumferential manner about the tube stmcture (e.g., 
similar to as depicted in FIG. 14). 

[0117] FIG. 18 shows aspects of an exemplary and non¬ 
limiting welding method 1675 in accordance with aspects of 
the disclosure. As should be understood, FIG. 18 depicts the 
composite material 1805 (similar to composite material 
1605 of FIG. 16) in an “un-rolled” orientation. As shown in 
FIG. 18, the composite material 1805 includes a first end 
edge 1620, a second end edge 1625, a first seam edge 1610 
and a second seam edge 1615. With the exemplary and 
non-limiting welding method 1675, a plurality of welding 
apparatuses (not shown) form welds along a welding direc¬ 
tion 1810. With this exemplary method, the direction of 
movement 1810 of the respective welding apparatuses (or, in 
embodiments, a single welding apparatus) along the pas- 



US 2017/0165786 A1 


10 


Jun. 15,2017 


sages is aligned with the first seam edge 1610 and the second 
seam edge 1615 of the composite material 1805. In other 
words, with this exemplary configuration, the corrugated 
layer (not shown) is arranged such that the respective 
formed passages are aligned with (e.g., approximately par¬ 
allel with) the first seam edge 1610 and the second seam 
edge 1615 of the composite material 1805. In accordance 
with aspects of the disclosure, when the composite material 
1805 is subsequently formed into a tube structure (e.g. 
similar to as depicted in FIG. 16), the passages (and thus, the 
welds formed therein) are arranged in a spiraling maimer 
about the tube structure. 

[0118] FIG. 19 shows a schematically depicted exemplary 
and non-limiting composite structure 1900 formed using the 
welding method of FIG. 18 in accordance with aspects of the 
disclosure. As shown in FIG. 19, when the composite 
material 1805 is subsequently formed into a tube structure, 
the passages (and thus, the welds formed therein) are 
arranged along the direction of welding 1810 in a spiraling 
manner about the tube structure. 

[0119] As noted above, in embodiments, tubes may be 
formed using one or more spiral welded pipe mills to roll the 
composite sheet (or strip) into tube by a certain forming 
angle, further weld it into steel pipe (e.g., using a sub¬ 
merged arc welder). Large diameter pipes can be produced 
with narrow steel strip. Larger diameters may require wider 
plates, which may render traditional pipe mills less cost- 
effective. Such pipe may be produced in spiral pipe mills, 
where the pipe diameter is no longer a function of plate 
width. 

System Environment 

[0120] Aspects of embodiments of the present disclosure 
(e.g., control systems for one or more welding apparatus 500 
or welding machine 1000) can be implemented by such 
special purpose hardware-based systems that perform the 
specified functions or acts, or combinations of special pur¬ 
pose hardware and computer instructions and/or software, as 
described above. The control systems may be implemented 
and executed from either a server, in a client server rela¬ 
tionship, or they may run on a user workstation with 
operative information conveyed to the user workstation. In 
an embodiment, the software elements include firmware, 
resident software, microcode, etc. 

[0121] As will be appreciated by one skilled in the art, 
aspects of the present disclosure may be embodied as a 
system, a method or a computer program product. Accord¬ 
ingly, aspects of embodiments of the present invention may 
take the form of an entirely hardware embodiment, an 
entirely software embodiment (including firmware, resident 
software, micro-code, etc.) or an embodiment combining 
software and hardware aspects that may all generally be 
referred to herein as a “circuit,” “module” or “system.” 
Furthermore, aspects of the present disclosure (e.g., control 
systems) may take the form of a computer program product 
embodied in any tangible medium of expression having 
computer-usable program code embodied in the medium. 
[0122] Any combination of one or more computer usable 
or computer readable medium(s) may be utilized. The com¬ 
puter-usable or computer-readable medium may be, for 
example but not limited to, an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system, appa¬ 
ratus, device, or propagation medium. More specific 


examples (a non-exhaustive list) of the computer-readable 
medium would include the following: 

[0123] an electrical connection having one or more 
wires, 

[0124] a portable computer diskette, 

[0125] a hard disk, 

[0126] a random access memory (RAM), 

[0127] a read-only memory (ROM), 

[0128] an erasable programmable read-only memory 
(EPROM or Flash memory), 

[0129] an optical fiber, 

[0130] a portable compact disc read-only memory 
(CDROM), 

[0131] an optical storage device, 

[0132] a transmission media such as those supporting 
the Internet or an intranet, 

[0133] a magnetic storage device, 

[0134] a usb key, and/or 
[0135] a mobile phone. 

[0136] In the context of this document, a computer-usable 
or computer-readable medium may be any medium that can 
contain, store, communicate, propagate, or transport the 
program for use by or in connection with the instruction 
execution system, apparatus, or device. The computer-us¬ 
able medium may include a propagated data signal with the 
computer-usable program code embodied therewith, either 
in baseband or as part of a carrier wave. The computer 
usable program code may be transmitted using any appro¬ 
priate medium, including but not limited to wireless, wire- 
line, optical fiber cable, RF, etc. 

[0137] Computer program code for carrying out opera¬ 
tions of the present invention may be written in any com¬ 
bination of one or more programming languages, including 
an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural 
programming languages, such as the “C” programming 
language or similar programming languages. The program 
code may execute entirely on the user’s computer, partly on 
the user’s computer, as a stand-alone software package, 
partly on the user’s computer and partly on a remote 
computer or entirely on the remote computer or server. In the 
latter scenario, the remote computer may be connected to the 
user’s computer through any type of network. This may 
include, for example, a local area network (LAN) or a wide 
area network (WAN), or the connection may be made to an 
external computer (for example, through the Internet using 
an Internet Service Provider). Additionally, in embodiments, 
the present invention may be embodied in a field program¬ 
mable gate array (FPGA). 

[0138] FIG. 20 shows an exemplary system environment 
and control for a welding apparatus in accordance with the 
embodiments described herein in accordance with aspects of 
the disclosure. The system 3900 is generally shown and may 
include a computer system 3902, which is generally indi¬ 
cated. The computer system 3902 may operate as a stand¬ 
alone device or may be connected to other systems or 
peripheral devices. For example, the computer system 3902 
may include, or be included within, any one or more 
computers, servers, systems, co mmu nication networks or 
cloud environment. As shown in FIG. 20, the system 3900 
may be used to control one or more individual welding 
apparatus 500 and/or a welding device 1000. 

[0139] The computer system 3902 may operate in the 
capacity of a server in a network environment, or in the 
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capacity of a client user computer in the network environ¬ 
ment. The computer system 3902, or portions thereof, may 
be implemented as, or incorporated into, various devices, 
such as a personal computer, a tablet computer, a set-top 
box, a personal digital assistant, a mobile device, a palmtop 
computer, a laptop computer, a desktop computer, a com¬ 
munications device, a wireless telephone, a personal trusted 
device, a web appliance, or any other machine capable of 
executing a set of instructions (sequential or otherwise) that 
specify actions to be taken by that device. Further, while a 
single computer system 3902 is illustrated, additional 
embodiments may include any collection of systems or 
sub-systems that individually or jointly execute instructions 
or perform functions. 

[0140] As illustrated in FIG. 20, the computer system 
3902 may include at least one processor 3904, such as, for 
example, a central processing unit, a graphics processing 
unit, or both. The computer system 3902 may also include 
a computer memory 3906. The computer memory 3906 may 
include a static memory, a dynamic memory, or both. The 
computer memory 3906 may additionally or alternatively 
include a hard disk, random access memory, a cache, or any 
combination thereof. Of course, those skilled in the art 
appreciate that the computer memory 3906 may comprise 
any combination of known memories or a single storage. 
[0141] As shown in FIG. 20, the computer system 3902 
may include a computer display 3908, such as a liquid 
crystal display, an organic light emitting diode, a flat panel 
display, a solid state display, a cathode ray tube, a plasma 
display, or any other known display. The computer system 
102 may include at least one computer input device 3910, 
such as a keyboard, a remote control device having a 
wireless keypad, a microphone coupled to a speech recog¬ 
nition engine, a camera such as a video camera or still 
camera, a cursor control device, or any combination thereof. 
Those skilled in the art appreciate that various embodiments 
of the computer system 3902 may include multiple input 
devices 3910. Moreover, those skilled in the art further 
appreciate that the above-listed, exemplary input devices 
3910 are not meant to be exhaustive and that the computer 
system 3902 may include any additional, or alternative, 
input devices 3910. 

[0142] The computer system 3902 may also include a 
medium reader 3912 and a network interface 3914. Further¬ 
more, the computer system 3902 may include any additional 
devices, components, parts, peripherals, hardware, software 
or any combination thereof which are commonly known and 
understood as being included with or within a computer 
system, such as, but not limited to, an output device 3916. 
The output device 3916 may be, but is not limited to, a 
speaker, an audio out, a video out, a remote control output, 
or any combination thereof. 

[0143] Furthermore, the aspects of the disclosure may take 
the form of a computer program product accessible from a 
computer-usable or computer-readable medium providing 
program code for use by or in connection with a computer 
or any instruction execution system. The software and/or 
computer program product can be implemented in the envi¬ 
ronment of FIG. 20. For the purposes of this description, a 
computer-usable or computer readable medium can be any 
apparatus that can contain, store, communicate, propagate, 
or transport the program for use by or in connection with the 
instruction execution system, apparatus, or device. The 
medium can be an electronic, magnetic, optical, electromag¬ 


netic, infrared, or semiconductor system (or apparatus or 
device) or a propagation medium. Examples of a computer- 
readable storage medium include a semiconductor or solid 
state memory, magnetic tape, a removable computer dis¬ 
kette, a random access memory (RAM), a read-only memory 
(ROM), a rigid magnetic disk and an optical disk. Current 
examples of optical disks include compact disk-read only 
memory (CD-ROM), compact disc-read/write (CD-R/W) 
and DVD. 

[0144] Although the present specification describes com¬ 
ponents and functions that may be implemented in particular 
embodiments with reference to particular standards and 
protocols, the disclosure is not limited to such standards and 
protocols. Such standards are periodically superseded by 
faster or more efficient equivalents having essentially the 
same functions. Accordingly, replacement standards and 
protocols having the same or similar functions are consid¬ 
ered equivalents thereof. 

[0145] The illustrations of the embodiments described 
herein are intended to provide a general understanding of the 
various embodiments. The illustrations are not intended to 
serve as a complete description of all of the elements and 
features of apparatus and systems that utilize the structures 
or methods described herein. Many other embodiments may 
be apparent to those of skill in the art upon reviewing the 
disclosure. Other embodiments may be utilized and derived 
from the disclosure, such that structural and logical substi¬ 
tutions and changes may be made without departing from 
the scope of the disclosure. Additionally, the illustrations are 
merely representational and may not be drawn to scale. 
Certain proportions within the illustrations may be exagger¬ 
ated, while other proportions may be minimized. Accord¬ 
ingly, the disclosure and the figures are to be regarded as 
illustrative rather than restrictive. 

[0146] Accordingly, the present disclosure provides vari¬ 
ous systems, structures, methods, and apparatuses. Although 
the disclosure has been described with reference to several 
exemplary embodiments, it is understood that the words that 
have been used are words of description and illustration, 
rather than words of limitation. Changes may be made 
within the purview of the appended claims, as presently 
stated and as amended, without departing from the scope and 
spirit of the disclosure in its aspects. Although the disclosure 
has been described with reference to particular materials and 
embodiments, embodiments of the invention are not 
intended to be limited to the particulars disclosed; rather the 
invention extends to all functionally equivalent structures, 
methods, and uses such as are within the scope of the 
appended claims. 

[0147] While the computer-readable medium may be 
described as a single medium, the term “computer-readable 
medium” includes a single medium or multiple media, such 
as a centralized or distributed database, and/or associated 
caches and servers that store one or more sets of instructions. 
The term “computer-readable medium” shall also include 
any medium that is capable of storing, encoding or carrying 
a set of instructions for execution by a processor or that 
cause a computer system to perform any one or more of the 
embodiments disclosed herein. 

[0148] The computer-readable medium may comprise a 
non-transitory computer-readable medium or media and/or 
comprise a transitory computer-readable medium or media. 
In a particular non-limiting, exemplary embodiment, the 
computer-readable medium can include a solid-state 
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memory such as a memory card or other package that houses 
one or more non-volatile read-only memories. Further, the 
computer-readable medium can be a random access memory 
or other volatile re-writable memory. Additionally, the com¬ 
puter-readable medium can include a magneto-optical or 
optical medium, such as a disk, tapes or other storage device 
to capture carrier wave signals such as a signal communi¬ 
cated over a transmission medium. Accordingly, the disclo¬ 
sure is considered to include any computer-readable medium 
or other equivalents and successor media, in which data or 
instructions may be stored. 

[0149] Although the present application describes specific 
embodiments which may be implemented as code segments 
in computer-readable media, it is to be understood that 
dedicated hardware implementations, such as application 
specific integrated circuits, programmable logic arrays and 
other hardware devices, can be constructed to implement 
one or more of the embodiments described herein. Appli¬ 
cations that may include the various embodiments set forth 
herein may broadly include a variety of electronic and 
computer systems. Accordingly, the present application may 
encompass software, firmware, and hardware implementa¬ 
tions, or combinations thereof. 

[0150] One or more embodiments of the disclosure may be 
referred to herein, individually and/or collectively, by the 
term “invention” merely for convenience and without 
intending to voluntarily limit the scope of this application to 
any particular invention or inventive concept. Moreover, 
although specific embodiments have been illustrated and 
described herein, it should be appreciated that any subse¬ 
quent arrangement designed to achieve the same or similar 
purpose may be substituted for the specific embodiments 
shown. This disclosure is intended to cover any and all 
subsequent adaptations or variations of various embodi¬ 
ments. Combinations of the above embodiments, and other 
embodiments not specifically described herein, will be 
apparent to those of skill in the art upon reviewing the 
description. 

[0151] The Abstract of the Disclosure is submitted with 
the understanding that it will not be used to interpret or limit 
the scope or meaning of the claims. In addition, in the 
foregoing Detailed Description, various features may be 
grouped together or described in a single embodiment for 
the purpose of streamlining the disclosure. This disclosure is 
not to be interpreted as reflecting an intention that the 
claimed embodiments require more features than are 
expressly recited in each claim. Rather, as the following 
claims reflect, inventive subject matter may be directed to 
less than all of the features of any of the disclosed embodi¬ 
ments. Thus, the following claims are incorporated into the 
Detailed Description, with each claim standing on its own as 
defining separately claimed subject matter. 

[0152] The above disclosed subject matter is to be con¬ 
sidered illustrative, and not restrictive, and the appended 
claims are intended to cover all such modifications, 
enhancements, and other embodiments which fall within the 
true spirit and scope of the present disclosure. Thus, to the 
maximum extent allowed by law, the scope of the present 
disclosure is to be determined by the broadest permissible 
interpretation of the following claims and their equivalents, 
and shall not be restricted or limited by the foregoing 
detailed description. 

[0153] Accordingly, the novel architecture is intended to 
embrace all such alterations, modifications and variations 


that fall within the spirit and scope of the appended claims. 
Furthermore, to the extent that the term “includes” is used in 
either the detailed description or the claims, such term is 
intended to be inclusive in a manner similar to the term 
“comprising” as “comprising” is interpreted when employed 
as a transitional word in a claim. 

[0154] While the disclosure lias been described with ref¬ 
erence to specific embodiments, those skilled in the art will 
understand that various changes may be made and equiva¬ 
lents may be substituted for elements thereof without depart¬ 
ing from the true spirit and scope of the disclosure. While 
exemplary embodiments are described above, it is not 
intended that these embodiments describe all possible forms 
of the embodiments of the disclosure. Rather, the words used 
in the specification are words of description rather than 
limitation, and it is understood that various changes may be 
made without departing from the spirit and scope of the 
disclosure. In addition, modifications may be made without 
departing from the essential teachings of the disclosure. 
Furthermore, the features of various implementing embodi¬ 
ments may be combined to form further embodiments of the 
disclosure. 

What is claimed is: 

1. A method of forming an internally-arranged laser-beam 
weld from within a composite structure, the method com¬ 
prising: 

arranging a welding apparatus within an internal passage 
of the composite structure; and 

emitting a laser beam from the welding apparatus to fonn 
the internally-arranged laser-beam weld between layers 
of the composite structure. 

2. The method of claim 1, wherein the composite structure 
comprises two outer layers and a corrugated layer formed 
between the two outer layers. 

3. The method of claim 2, wherein the internal passage is 
formed by the corrugated layer and one of the two outer 
layers. 

4. The method of claim 2, wherein the weld is formed 
between the corrugated layer and one of the two outer layers 
by welding from the exposed side of the corrugated layer. 

5. The method of claim 2, wherein the weld is formed 
between difl'erent regions of the corrugated layer. 

6. The method of claim 1, further comprising advancing 
the welding apparatus along the internal passage as the weld 
is formed. 

7. The method of claim 6, wherein the welding apparatus 
includes an aligning system operable to maintain the weld¬ 
ing apparatus in a proper orientation as the welding appa¬ 
ratus is advanced along the internal passage during weld 
formation, the method further comprising utilizing the align¬ 
ing system to maintain the welding apparatus in the proper 
orientation. 

8. The method of claim 7, wherein the aligning system 
includes a plurality of legs extending from a base of the 
welding apparatus, and respective rollers arranged at ends of 
the legs, wherein the rollers are engagable with corners of 
the passageways to maintain the laser beam welder in the 
proper orientation. 

9. The method of claim 1, wherein a plurality of inter¬ 
nally-arranged laser-beam welds are substantially simulta¬ 
neously formed within a plurality of internal passages from 
within the composite structure using a plurality of the 
welding apparatuses, wherein each welding apparatus is 
arranged to traverse one of the plurality of internal passages 
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to form a weld within a respective internal passage of the 
plurality of internal passages. 

10. A laser beam welding apparatus, comprising 

a base; 

a laser focusing head attached to the base and operable to 
emit a laser beam; and 

one or more aligning structures attached to the base. 

11. The laser beam welding apparatus of claim 10, 
wherein the aligning structures includes a plurality of legs 
extending from the base of the welding apparatus, and 
respective rollers arranged at ends of the legs, wherein the 
rollers are structured and arranged to be engagable with 
comers of internal passages of a composite structure. 

12. The laser beam welding apparatus of claim 10, 
wherein the one or more aligning structures comprises a 
plurality of aligning structures arranged along the longitu¬ 
dinal axis of the base of the welding apparatus. 

13. The laser beam welding apparatus of claim 10, 
wherein the laser focusing head rotatably attached to the 
base, such that the laser focusing head is rotatably adjust¬ 
able. 

14. The laser beam welding apparatus of claim 10, further 
comprising a laser-beam transmitting fiber-optic cable and 
laser beam focusing arrangement, wherein the laser-beam 
transmitting fiber-optic cable is operable to receive a laser 
beam from a laser beam generator, and transmit the laser 
beam to the laser beam focusing arrangement. 


15. The laser beam welding apparatus of claim 14, 
wherein the laser beam focusing arrangement includes one 
or more lenses and a mirror. 

16. The laser beam welding apparatus of claim 10, 
wherein the laser beam welding apparatus is configured as a 
semi-autonomous vehicle operable to traverse the passage. 

17. A composite structure comprising: 

an outer plate; 

an inner plate; 

a corrugated layer arranged between the outer plate and 
the inner plate; 

the outer plate, inner plate and corrugated layer forming 
a plurality of passages in the composite structure 
extending along a z-axis; and 

a plurality of internally-formed laser beam welds extend¬ 
ing along the z-axis that connect the corrugated layer to 
the outer plate or the inner plate. 

18. The composite structure of claim 17, wherein the 
plurality of passages comprise congruent passages. 

19. The composite structure of claim 17, wherein the inner 
and outer plate have a thickness, and the corrugated layer 
has a relatively smaller thickness. 

20. Hie composite structure of claim 17, wherein the 
corrugated layer comprises an undulating layer fomiing 
outer faces structured and arranged to contact the outer plate, 
inner faces structured and arranged to contact the inner plate, 
and side faces extending between the inner faces and the 
outer faces. 



